To increase the safety in use of automated vehicles, Human Factors research has focused primarily on driver performance during take-over situations. However, surveys on public opinion on automated vehicles still report a lack of acceptance of the technology. In this review, we give an overview on how taking the changed role of the driver into account when designing Human-Machine Interfaces (HMI) of automated vehicles could increase the usefulness of the technology, which might in turn result in increased public acceptance. We propose that balancing the driver's need of being informed about the automated vehicle's status, actions and intentions with the desire to engage in non-driving related tasks (NDRTs) is likely to play an important role in this process.
INTRODUCTION
Acceptance is strongly related to the perceived usefulness of new technology [53, 99] . The aim of driver assistance systems (SAE L1) has traditionally been to assist the driver in the primary task of driving, however, the purpose of automated vehicles is to relieve humans from driving the vehicle altogether. During conditionally automated driving (SAE L3), the driver is no longer required to monitor the traffic situation continuously. Driving time can thus be used for NDRTs, such as office work or entertainment. For example, Naujoks, Purucker and Neukum [66] found in an on-road study that drivers engaged more heavily in NDRTs as the level of vehicle automation increased. Similar findings have been found on test tracks [50] and in driving simulators [35] . Large et al.
[44] conducted a longitudinal study in which participants took part in a simulated automated driving experience several times and were encouraged to bring objects/devices that they would like to use with them. The participants carried out a variety of NDRTs such as reading, social networking activities on mobile devices, webbrowsing and watching movies. Pfleging, Rang and Broy [77] conducted a web-based survey on activities that drivers would like to do during automated driving, with the most often mentioned NDRTs being talking with passengers, watching out of the window, texting, eating/drinking and surfing the internet. Schoettle and Sivak also reported that drivers would like to spend their time during an automated ride on activities like reading, texting/talking to friends, watching movies and working [89] . Similarly, König and Neumayr [39] found that the possibility to engage in other activities than driving was reported as the second most valued benefit of automated vehicles in a large-scale online survey.
The above-cited studies imply that the usefulness of automated vehicles may depend to a considerable extent on the possibility to engage in NDRTs without interruption [39, 55] and that this aspect should be integrated into models aimed at predicting acceptance of automated vehicles [68, 71] . However, to increase the safety and comfort of an automated ride, presenting on-trip status information such as upcoming automated maneuvers (e.g., lane changes or speed adaptations) or the confidence level of the automation may be necessary [7, 8, 11, 28, 63] . As the drivers' primary task will likely consist of engaging in NDRTs, drivers might prefer to be informed in a non-distracting way as interruptions of ongoing NDRTs may be perceived as a nuisance [63] . The following section presents an overview about HMI elements necessary for keeping the driver informed about the automated vehicle's status, actions and intentions to promote the safety of automated driving. After this overview, recommendations on how to design these HMI elements to minimize interference with ongoing NDRTs are derived.
HMI ELEMENTS FOR CONDITIONALLY AUTOMATED VEHICLES (SAE L3)

Safe and efficient control transitions
Conditionally automated driving (SAE L3) provides the opportunity to disengage from the task of driving without the need for continuous monitoring of the driving situation. However, unlike in fully automated driving (SAE L5), occasional manual interventions may be necessary because of operational system limits or system failures [26] . In both cases, successful human-automation cooperation requires fast and effective communication of the need for manual intervention [25, 59, 65, 67, 75, 85, 100, 107] . Therefore, getting the driver back into the loop as fast as possible has been the focus of a large body of research (see Eriksson and Stanton, [18] , for an overview).
Drivers' information needs during automated driving
Recently this focus has moved away from imminent takeover requests to exploring the potential of providing drivers with on-trip information such as the time left in automated mode or the confidence level of the automated driving function to further enhance safety and efficiency of transitions to manual driving [8, 28, 45, 56, 63, 105] . For example, Naujoks, Forster, Wiedemann and Neukum [63] suggested to display the remaining distance to system limits (such as work zones) and the type of traffic event. Helldin, Falkman, Riveiro and Davidsson [28], Stockert, Richardson and Lienkamp [93] as well as Naujoks et al. [67] proposed HMIs with an integrated graphical representation of the automated vehicle's current capability to drive automatically. Efficiently communicating system limits to the driver and preparing her/him to take over manual vehicle control is undisputedly of paramount importance to the safe use of automated driving functions. However, automated vehicles may also be capable of managing certain noncritical driving situations, such as overtaking, without any driver intervention. In these cases, it may be necessary to communicate the actions initiated by the automation via suitable HMI elements in an unambiguous way to avoid distrust and unnecessary manual interventions [21, 55, 73] . Increased understanding of how the automation works could eventually lead to increased trust [20, 48] , which in turn could improve acceptance of automated vehicles [97] . Accordingly, it is agreed upon by Human Factors experts that automated vehicles should inform their occupants about the vehicle's capabilities and status [42] .
HMI element Description Reference
Status of the automation e.g., off, available, on, take-over request [7, 44] Lead vehicle recognition [7] report that drivers would like to be informed about current and upcoming driving manoeuvres conducted by the automation. Forster, Naujoks and Neukum [21] conducted a pilot study with a newly developed HMI for conditionally automated driving that explicitly displays the actions and intentions of the automated vehicle to the driver and reported a high usefulness of the HMI. Walch, Sieber, Hock, Baumann and Weber [101] even suggest to involve the driver into the decision making process whether an automated manoeuvre Session 7 -AV-Driver Interaction Paradigms: What is the Role of the Human? AutomotiveUI '17, Oldenburg, Germany should be carried out or not (see also [12] ). Helldin et al. [28] report that drivers reacted faster to control transitions when the HMI contained continuous information about the automation's confidence level.
UNDERSTANDING THE USEFULNESS OF AUTOMATED VEHICLES IN THE CONTEXT OF TASK INTERRUPTIONS
As relevant as these HMI designs may be, presenting status information or notifying the driver about upcoming automated manoeuvres may be perceived as a nuisance when no immediate intervention is required and the information presentation interferes with ongoing NDRTs that are carried out during the automated drive. Basically, when the driver's attention has to be directed away from the NDRT to perceive and interpret the HMI, the ongoing NDRT has to be interrupted, which could lower the perceived usefulness of the automated driving feature. Research on detrimental effects of task interruptions in the workplace has a long tradition in work psychology and human-computer interaction [54] . It has been shown repeatedly that task interruptions worsen primary task performance, for example by increasing the time needed to accomplish the primary task, burdening working memory or by increasing error rates [2, 16] . They also cause affective discomfort, for example by increasing subjectively experienced annoyance and anxiety [4, 36] or by lowering motivational factors to continue the task [22] . These negative effects of task interruptions eventually lead to an overall increase in workload [102] , especially when the task is complex [92] . To prevent negative consequences of task interruptions, it appears that the challenge in the design of a suitable HMI for conditionally automated driving consists of accounting both for the need of drivers to be informed about the automation's status and their desire to engage in NDRTs.
DESIGN RECOMMENDATIONS
The processing of NDRTs during manual and assisted driving usually consists of rapid task switches (e.g., a series of glances towards an electronic device) so that both tasks are virtually performed at the same time [81, 94] (so-called concurrent multitasking [88] ). However, conditionally automated driving reliefs the driver from controlling the vehicle, allowing her/him to spend longer time on an NDRT before switching to the interrupting task of attending to HMI messages or, eventually, controlling the vehicle manually [62] (so-called sequential multitasking [88] or task switching [38] ). As can be seen in Figure 1 , a task switch initially involves the time elapsed between the onset of HMI messages and NDRT interruption (so-called interruption lag), followed by the time needed to process the HMI message [61] (so-called interruption length). Furthermore, task interruptions are typically followed by a time delay in the re-uptake of the primary task, the so-called resumption lag [95] , which ultimately worsens overall task performance.
Following the mechanisms proposed in Figure 1 , design recommendations aimed at lowering the interference between processing NDRTs and HMI messages are presented and discussed in the following sections. 
Recommendation 1: Adapt the urgency of messages
First of all, the driver should be supported in the decision whether or not to interrupt an ongoing NDRT. For example, a driver might choose to prioritize performing a NDRT over attending to a non-urgent message, but might not do so when the message is of high urgency [41, 104] . Adapting the urgency of HMI messages to their acuteness (e.g., high urgency of take-over requests, lower urgency of status information) could effectively support the driver in the decision process and eventually reduce the length of the interruption lag. For example, multimodal HMIs have traditionally been used in the design of warnings and takeover requests [18] as they usually speed up the cognitive processes involved in the selection and execution of an appropriate response [29, 40] (so-called redundancy gain [37, 57] ). Another effect of multimodal warnings is that they draw the driver's attention to a visual display on which relevant information is presented if the driver's gaze is not oriented towards that direction [9] , which could effectively support attending to relevant HMI messages. Multimodal take-over requests have consequently been shown to be superior to unimodal ones [65, 75, 100] , and they are usually perceived as more urgent than unimodal ones [98] .
However, in case the HMI message does not require immediate action, using non-urgent messages might be more appropriate to give the driver the possibility to prepare the interruption of the NDRT. This preparation usually consists of memorizing information needed to continue the NDRT after its interruption (so-called primary task-problem representations [88] , e.g., the passage one has stopped reading a text) and finishing the currently performed task [62] . Startling the driver by the use of inappropriately urgent HMI messages might inhibit these preparatory processes and worsen NDRT performance [95] . Consequently, it could be argued that non-urgent status information should be unimodal (e.g., solely visual) and urgent information multimodal [64, 104] . However, modality is not the only way to convey urgency. More detailed information and further examples of how to design HMI messages with different urgency (e.g., by semantic content [3, 5] , intonation [49] or loudness) can be found both in literature on driver warnings [5, 47, 64, 78, 80] and take-over requests [65, 79] .
Recommendation 2: Keep the effort of retrieving information from the HMI as low as possible
When the driver has interrupted the ongoing NDRT, she/he might have to keep information pertaining to the primary task in working memory while processing the HMI message [70, 88] . Both interruption length [30, 61] and mental effort Session 7 -AV-Driver Interaction Paradigms: What is the Role of the Human? AutomotiveUI '17, Oldenburg, Germany needed to process the HMI message [23, 61] might worsen post-interruption NDRT performance as they interfere with the process of rehearsing primary task-problem representations during the interruption and the subsequent recall from declarative memory once the NDRT is continued [88] . The implication of this is that the effort of processing the HMI, both in the mere length and complexity of the message, should be as low as possible.
Presenting HMI elements close to the location the driver is looking prior to the interruption might be one promising attempt to reduce the effort of information retrieval from the HMI [31] . It has been continuously shown that presenting information close to the driver's gaze direction facilitates information retrieval during manual driving [96] by decreasing the time needed to attend to HMI output [72] . It has thus been proposed to unburden the driver's visual processing channel by integrating information pertaining to the automated vehicle's HMI and the presentation of ongoing NDRTs into the same visual display [83, 84] . This might reduce working memory load as the need to shift attention from NDRT to the HMI is reduced which in turn reduces the need to memorize information. [106] . Alternatively, it has been proposed to use peripheral cues such as ambient visual cues [14, 15, 85] to present status information about the automation. In this way, relevant information can be presented to the driver independent from her/his gaze direction [51] . Research on ambient take-over requests has shown promising results [15, 85] , however, the potential of these interfaces to convey complex information appears to be limited [85] . Information retrieval from the HMI could be further facilitated by using information processing channels that are not necessary for the processing of ongoing NDRTs [103] . As most tasks likely involve a visual component [44, 77] , auditory [6, 65] or vibrotactile interfaces [75, 76] 
Recommendation 3: Support the re-uptake of NDRTs
Finally, the negative impact of attending to HMI messages on ongoing NDRTs could be further limited by supporting their re-uptake after the HMI message has been processed by the driver (thereby lowering the resumption lag, see Figure  1 ). For example, interrupting the driver in the middle of an ongoing NDRT will cause longer resumption lags compared to interruptions after a sub-task was completed [1, 34, 60] and increase workload associated with the task switch [87] . Thus, non-urgent status messages could be delayed until the NDRT can be interrupted at a suitable step [32, 33] . Another way of supporting the re-uptake could be to give drivers enough time so that they can actively decide when to interrupt the NDRT [46, 95] .
CONCLUSIONS AND OUTLOOK
Based on surveys on the public opinion on automated driving [39, 77, 89] and findings on task interruptions [2, 4, 16, 36] , we argue that a main benefit of automated vehicles will be the possibility of engaging in NDRTs without interruptions. At the same time, a growing body of research suggests a need of keeping drivers informed about the automated vehicle's status [7, 63] , for example by presenting the certainty level of automated vehicle guidance or the time left in automated mode [7, 21, 43, 45, 63] to promote the safe use of conditionally automated vehicles (SAE L3) [7, 8, 28, 93] . The main contribution of this paper is to point out this goal conflict and to propose potential design suggestions based on cognitive models of task interruptions. These specifically aim at (1) supporting the driver in the decision making whether to interrupt a NDRT, (2) limiting the interference between processing HMI elements and NDRT and (3) supporting the re-uptake of the NDRT. These suggestions have been derived from the literature and should be empirically validated (e.g., in user studies).
At this point it should be emphasized that the assumption that one of the main goals of using automated vehicles is being able to perform NDRTs during the automated ride is not undisputed [62] . Indeed, most of the research presented in the introductory chapter relies on respondents' self-reported behavior when using hypothetical systems that are not yet available on the market. For example, it could be that drivers prefer not to engage in any task at all. However, as long as fully automated driving (SAE L5) is not reached, human drivers will be needed to occasionally guide the vehicle. Not being engaged in any task at all during the automated ride will very likely lead to drowsiness [56, 82, 90] and make the driver unavailable for manual intervention. During conditionally automated driving, it could thus be necessary to even involve the driver in some sort of activity to keep him/her in a suitable arousal state [52, 69] . On the other hand, the processing of strongly demanding NDRTs could limit the drivers' ability to safely take over manual control over the vehicle in case of system limits [52, 62] . For example, it has been shown that engagement in NDRTs during automated driving goes along with a loss of situation awareness [19] and increased take-over times [13, 74] . Making it possible to comfortably engage in NDRTs could thus also turn into a disadvantage. This concern is especially relevant as it may be possible that future automated vehicles could incorporate several automation levels that vary in the degree of required monitoring by the driver (e.g., SAE L3 on highways, SAE L2 in the city) [17, 19] . To safely realize the potential benefits of automated driving, future research should thus be directed into the adaptation of the HMI to drivers' availability for manual intervention that could be lowered by passive fatigue or excessive involvement in NDRTs [52] . 
